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(57) Abstract 

A propellant is mixed with unsaturated polyester inside a first space (A) at a first pressure, for example at the atmo- 
spheric pressure. The polyester is then sprayed on the whole or parts of an open or exposed mould which is applied in a 
low-pressure chamber having a powerftil negative pressure of 60-95% vacuum. In order to spray a first layer, polyester hav- 
ing a first amount of propellant is sprayed on the mould. At the initiation the propellant causes a powerful foaming effect 
at which bubbles are created and/or expanded in the polyester. In order to spray a second layer, which can be applied be- 
fore or after the first layer, polyester having a second amount of propellant, or is without propellant, is sprayed on the 
mould, which causes fewer bubbles or no bubbles at all. The resulting polyester which comprises formed and expanded 
bubbles is bound (is allowed to take rigid shape/is polymerized) by the use of a short tack-free time in the low pressure, 
said short time being preferably 5-10 minutes. 
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Method for -the manufacture of product comprising foamed plastic 
material and using a low-pressure chamber. 

TECHNICAL FIELD 

The present invention relates to a method for the manufacture of a 
product comprising foamed plastic material in a first layer. The 
product comprises a second layer as well. The second layer is 
connected to the first layer and having higher density than the first 
layer. 

PRIOR ART 

It is usual in the manufacture of foamed plastic products to utilize 
some form of chemical propellant which is dissolved in the base 
material or is added to it immediately before the foaming process is 
to commence. The sulphone hydrazides may be mentioned as an example 
of such a propellant. The foaming process can also be brought about 
by the use of physical propellants in the form of a volatile gas such 
as freon (for example freon 11} which is dissolved in (that is to say 
forms part of a single-phase system with) the base material. A 
familiar example of the last-mentioned method is provided by the 
manufacture of rigid polyure thane foam. The use of carbon dioxide as 
a propellant has also been disclosed. 

Activation of the propellant in question, for example by means of 
catalysts, heat and/or pressure, will cause the propellant to 
generate gas, resulting in the formation of bubbles which are 
apparent in the finished product. The familiar methods used until now 
for the manufacture of products falling within this category 
nevertheless call for the use of a comparatively large quantity of 
propellant of up to 10 per cent by weight or more. The use of such a 
large quantity of foaming additives will result in various 
manufacturing problems, for example problems associated with curing 
and storage which, when viewed as a whole, complicate the 
manufacturing process and impair the product. Furthermore, the choice 
of base materials and the range of possible variations in the 
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production conditions, for example the variations In temperature, are 
restricted to a certain extent, which has a negative effect on the 
result • 

DESCRIPTION OF INVENTION 

5 Technical Problem 

A wish associated with foamed plastic products falling within this 
category Is for manufacturing processes to be available which provide 
the conditions necessary for a major reduction to be achieved In the 
quantity of the foaming additives used. Said additives have 
10 tendencies to disturb the curing process and cause cracks. Demands on. 
durable and cheap products are available as well. 

Further wishes are to be able to allot. If necessary, the different 
layers of the product different thicknesses by a simple control 
procedure. There Is also a wish to be able to provide the product 
15 with exact positioned reinforcements. If necessary. 

THE SOLUTION 

The present Invention proposes a method for the manufacture of a 
product having a foamed plastic material which will resolve, amongst 
other things, the problem outlined above on the basis of the usage of 

20 unsaturated polyester and that considerably Increased foaming effect 
can be achieved from the use of a propellant at a high degree of low 
pressure, with a vacuum of 60*95Z being envisaged In this case. The 
essential characteristics of the new method are, amongst other 
things, that Inside a first space, which Is at a first pressure, the 

25 aforementioned propellant Is mixed with or dissolved In a curing 
agent-compatible unsaturated polyester. Second feature of the 
Invention comprises the usage of a second space In the form of a 
negative pressure chamber which Is at that high degree of negative 
pressure of 60-'95Z vacuum. The last mentioned pressure Is quite below 

30 the first pressure. Said chamber has an open or exposed mould and on 
this one the mixed polyester Is sprayed. In order to attain the first 
layer, polyester mixed with a first amount of propellant Is sprayed 
on the whole or parts of the mould In said low pressure. The foaming 
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effect is initiated by means of a curing agent, initiator(-s) and/or 
said negative pressures and the propellant causes an powerful foaming 
effect in which bubbles are created and/or expanded in the sprayed 
polyester. In order to attain the second layer, polyester having a 
5 second amount propellant, or not any propellant at all, is sprayed on 
the whole or parts of the mould* Then fewer bubbles than in the case 
with the first amount, or not any bubbles at all, are created and/or 
expanded in the second polyeser layer. Said first layer is sprayed on 
the mould before said second layer, or vice versa. Said created 
10 and/ or expanded bubbles, in at least the first layer, are bound in 
the polyester by allowing this one to take rigid shape/ to be 
polymerized in the negagive pressure for a short time, for example 30 
seconds - 20 minutes, preferable 2-10 minutes. 

In an embodiment it is proposed that carbon dioxide is used as the 
15 propellant. Furthermore, the spacer material in certain embodiments 

is reinforced with carbon fibres or glass fibres- The spacer material 
can be provided in a preferred sandwich construction with a covering 
layer of higher density on each side of the foamed core. Designs 
having several layers of foamed or not/less foamed polyester are 
20 simple to manufacture (control) according to the invention. 

In further developments of the idea of invention it is proposed that 
measures shall be adopted in order to prevent the situation arising 
in this context in which an excessively rapid ra^ie of ascent is 
achieved by the gas bubbles produced at the first pressure. 

25 Accordingly, the base material must, for example, be essentially free 
from wetting agents. Also, the use of small bubbles is preferable in 
order to reduce tha rate of ascent. The material selected will 
preferably be a thlxotroplc polyestyer having a viscosity at high 
shear rates of preferably 140-300 mPa«s. The use of a curing agent 

30. system providing a short curing time is also recommended. Bubbles are 
able to be created in the polyester in the first space. Said bubbles 
are expanded in the low-pressure, together with newly created 
bubbles, if any, in the low pressure. 

It is preferable to utilize for the formation and the expansion of 
35 the gas bubbles a low-pressure chamber capable of operating at a 

vacuum of 60-953;, and preferably 70-90%. A chamber of this type can 
Include a suitable space for the product and can be equipped with 
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amongst other things, openable and dosable hatches and. If 
appropriate, material application organs and air evacuation 
equipment etc. The gas bubbles are formed either from gas, for 
example carbon dioxide, dissolved in the material^ or by causing gas 
to be driven off in conjunction with the dissociation of a chemical 
propellant. The different layers can be sprayed wet in wet or with 
certain time Intervals where the preceding layer takes a more or less 
rigid shape before the application of the next layer. 

ADVANTAGES 

By means of the invention it is possible to obtain a product having a 
foamed layer which comprises a significantly reduced amount of 
chemical foaming additives or physical propellants dissolved in the 
base material. It is worth mentioning in this respect that it is 
possible, by the use of a 85-90Z vacuum, to reduce the quantity of 
propellant to 1/8 of that encounted in commercially avialable foamed 
products of equivalent kind. In this way products which exhibit high 
mechanical characteristics (less dependence of strength) can be 
obtained at low cost* The working environment can be designed to a 
high standard. The density and/or the reinforcement of the finished 
product is easily 'Controlled by the equipment which is used. The 
curing of the product may be made more simple and more distinct, 
thereby providing the necessary conditions for high-quality products. 
Each second layer can be made reinforced and not foamed. Only certain 
parts of the mould can be provided with foamed polyester while other 
parts can be provided with second layers, which easily can be made 
for attaining reinforced portions. The polyester proposes conditions 
for stronger products and the new method solves the problems of the 
low gel temperature of polyester. Low bubble pressure is attained 
which proposes possibility for crack free curing process. 

FIGURES 

Preferred embodiments of a method for the manufacture of two-layers 
product is described below by means of four examples, with 
simultaneous reference to the accompanying drawings, in which: 

Figure I illustrates the principle behind the manufacture of i 
spacer material in accordance with the first example; 
and. 
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Figure 2 illustrates the principle behind the manufacture of a 
spacer material in accordance with the second example; 
and 



Figure 3 illustrates examples of a sandwich construction. 
5 THE BEST EMBODIMENT 
Example 1 (Figure 1) 

In a container 1 is placed unsaturated polyester (suitable for 
spray-*up operation) , for example laminating polyester of the type 
used in the small boat industry. The polyester is thixotropic and 

10 exhibits a viscosity at high shear rates of, for example 150 mpa*s. 

The polyester should preferably be at least essentially free from the 
wetting agents which are otherwise normally used to facilitate the 
admixture of the filler. The unsaturated polyester should preferably 
' be modified in such a way that rapid binding can be achieved after 

15 the addition of the curing agents, for example peroxides. The curing 
time or the gel time should preferably be selected within the range 
30 seconds - 20 minutes, and preferably 2 - 10 minutes. The curing 
time can be adjusted in a previously disclosed fashion by means of 
accelerators, inhibitors and curing agents. 

20 

A slowly-rotating agitator 2, for example an agitator rotating at a 
speed of about 15-50 r/min, is utilized for stirring in conjunction 
with the admixture of a chemical propellent, for example a sulphone 
hydrazide, or a physical propellant which may be in the form of FREON 

25 LI. The quantity of propellant used in the case of a chemical 

propellant is about 0.2 - 1.0, and preferably about 0.5 per cent by 
weight of the total mixture of polyester and propellant. (Under 
normal circumstances using a previously disclosed method 3--5 per cent 
by weight of the same propellant would be needed). The corresponding 

30 values in the case of physical propellents are about 0.05 - 0.5, and 
preferably about 0.1 per cent by weight of the total mixture of 
polyester an propellant. The admixture of the propellant is carried 
out in a first space A having a first pressure which essentially 
correspond to the atmospheric pressure or is higher than the last 
mentioned pressure. 
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After the admixture of the propellent the material is pumped by means 
of a ptxmp 3 to a material application device 4, for example a spray 
pistol of a previously known type. A similarly previously known 
cutter 5 9 for example a fibre glass cutter, may be mounted on the 
5 pistol. With the help of the cutter chopped fibres 6 are thrown into 
the jet of polyester 7 which is directed towards an open or exposed 
mould F. Curing agents, for example peroxides, for the polyester are 
added from a container B and are mixed in the pistol 4 with the 
polyester in a previously known fashion. The curing agent may 
10 alternatively be mixed with the jet outside the pistol. 

In the case of non-reinforced products the cutter is not activated or 
may be omitted. 

Spraying on the mould takes place in a second space 8 which can 
comprise a Sipace 9 inside a low-pressure chamber 10 in accordance 

15 with Figure 1. The chamber is provided with material application 
(spray) organs and, if appropriate, with cutter equipment 
corresponding to those illustrated. Said application organs can be 
adapted on a not shown robot which is automaticly controlled. The 
application can be made on the whole or parts of the mould and with 

20 different thicknesses, distribution, etc., of polyester, 
reinforcements, etc. 

Alternatively the entire process, that is to say including the 
agitation operation, may take place inside the chamber 10, the space 
9 of which is in that case kept at the first pressure during 
25 agitation and during the addition of the propellent. The curing agent 
may be added during the agitation operation, during addition to the 
mould and/or after the chamber has been actuated so as to provide low 
pressure • 

The chamber in dependence of actuation of the air evacuation 
30 equipment will in this case be of the previously disclosed kind which 
is able to produce a high degree of low pressure at 60-95%, and 
preferably 70-90% vacuum. In the event of a chemical propellent being 
used, this is activated to give off gas preferably by means of the 
curing agent. The low pressure permits a higher degree of expansion 
35 of the gas bubbles to take place than is possible at atmoshperic 
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pressure. In the event of a physical propellanr oexng usea, cms is 
activated by the low pressure, which also permits a lower density to 
be achieved In the finished foam than Is possible at atmospheric 
pressure for an Identical quantity of propellent. The short curing 
5 time or gel time of 30 seconds - 20 minutes, and preferably of 2 - 10 
minutes for the material results In the formed and expanded bubbles 
being bound In the material in a rapid and effective manner. The 
application of the plastics material and the curing agent may take 
place at low pressure. The admixture of the propellant always takes 
10 place essentially at atmospheric pressure or a pressure above (for 
example 40-60 bar according to below) the same. The curing of the 
spacer material takes place at low pressure. 

Products of least two layers can be made. The first layer Is foamed 
and the second layer Is less foamed than the first layer or having a 
15 higher density. The choice of porosity is controlled by means of the 
amount propellant, the negative pressure and the polyester type. The 
layers are applied preferably wet in wet. 

In the event of reinforcement of the product being required, this can 
be achieved with relatively very good characteristics. For the first 

20 layer the following is valid. The admixture of, for example, 30 per 
cent by weight of chopped fibres (glass fibre) at a density of about 
800 kg/m^ (which must be compared with a density of about 1500 kg/m 
for non-foamed products) will result in a bending strength of about 
22 mPa, a modulus of elasticity on bending of about 1000 mPa, and a 

25 compressive strength of about 14 mPa. The finished material may also 
be used for sandwich constructions having two or more layers. It may 
be mentioned from a purely general point of view that the degree of 
reinforcement of the first layer can be selected within a range of 
10-40 per cent by weight, and preferably 20-30 per cent by weight. 

30 Example 2 (Figure 2) 

A propellent gas other than FREON 11, for example carbon dioxide, 
may be used and is applied at a pressure such that the carbon 
dioxide will be dissolved either in full or In part in the polyester 
or equivalent substance. The polyester may be of the same quality 

35 

( QMPI 
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as above • In this case polyester Is pumped by means of a pump 16 from 
the container 1* to a material application organ , for example a spray 
pistol 13* In the pipe 14 between the pump and the spray pistol are 
so arranged as to be capable of being connected a source 15 of carbon 
5 dioxide (a cylinder) and a mixing organ 16 (a so**called static mixer) 
which mixes the carbon dioxide into the polyester. The source IS 
operates preferably at about 40-60 bar. From the spray pistol 13 the 
material is applied on the exoosed mould at the powerfiil negative 
pressure according to above, e*g» in the aforementioned low-pressure 
10 chamber. The addition of the curing agent and of any reinforcement 

which may be required can take place either at the first pressure or 
at the high degree of low pressure produced by the chamber and which 
is of the order or magnitude indicated above. The curing time will be 
short; see above. 



15 Figure 3 illustrates examples of a sandwich construction in which the 
spacer material (the core) is identified by the reference designation 
IS, the covering layer by 19 and 20, and the expanded bubbles of the 
spacer material by 21. The fibre reinforcement is identified by the 
reference designation 22. The porosity is controlled by the amount of 

20 applied carbon dioxide. 



Example 3 

Polyester and a chemical propellent are mixed together inside a 
container in accordance with the above my menas of a slowly-rotating 
agitator and at atmospheric pressure. The resulting mixture is 

25 applied on a mould together with a curing agent, for example organic 
peroxide and, if necessary, glass fibre, at a low pressure of 70-90Z 
of vacuum, for example. Seeing to the first layer, 0.5 per cent by 
weight of propellant at about 85Z of vacuum will produce a similar 
foaming effect to that produced by 2 per cent by weight of propellant 

30 at atmospheric pressure, not including reinforcement in both cases. 

The following components may be used. Polyester in the form A360/246A 
supplied by BP Chemicals. Propellant in the form Cellogen XP-IOO 
supplied by Uni royal Chemicals. Peroxide in the form Butanox M-50 
supplied by AKZO Chemicals. The amout of peroxide used should be 2 
35 per cent by weight. For each second layer the propellant is reduced 



or cancelled. 
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What will be achieved for the first layer, apart from a reduced 
constjaption of the propellant, is more reliable curing and a lover 
temperature- during curing , resulting in less of a tendency to crack 
formation, and in more even curing, etc. The negative pressure 
results in lover bubble pressure in the curing procedure. 

Example 4 

Polyester and a chemical propellant are mixed together and are 

applied with a and, if necessary, reinforcement in a form in 

accordance with Example 3. The polyester in this case is in the form 

Leguval SF 38 supplied by Bayer AG. The propellant is LE supplied by 

Bayer AG, and the peroxide (2 per cent by weight) is Butanox M-50 

supplied by AKZO Chemicals. Tests for the first layer have shown that 

the use of 2 per cent by weight of the propellant at atmospheric 

3 

pressure will provide a density of 1.1 g/cm at 2 per cent by weight 

3 

and at 90% vacuum the density became 0,4 g/cm , that is to say a 
lower density can be achieved, or else a considerably reduced 
propellant consumption can be achieved for a given density. 

In the case of Examples 3 and 4 the admixture of fillers of a 
previously disclosed kind is permissible in order to provide, for 
example, fire-resistance, an even cheaper finished product, and the 
suppression of high temperatures during curing, etc. The use of glass 
fibre reinforcement has no significant effect on foaming. The 
invention Is not restricted to the embodiments illustrated above by 
way of example, but may undergo modifications within the context of 
the following Patent Claims and the idea of invention. 
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PATENT CLAIMS 

1. Method for the manufacture of a product comprising foamed 
plastic material in a first layer and a second layer adapted to the 
first layer and having higher density than the first layer, 

5 characterized in that a propellent is mixed together with 
unsaturated polyester in a first space which is at a first presure, 
in that in a second space in the form of a negative pressure chamber 
which is at that high degree of negative pressure of 60-95Z vacuum 
and in such a way is essentially below the first pressure, is sprayed 
10 on the whole or parts of an exposed mould: 

a) in order to attain the first layer, polyester mixed together with 
a first amount of propellent, which by initiation by means of a 
curing agents initiator(-s) and/or said negative pressure causes 
a powerful foaming effect, whereby bubbles are created and/ or 

IS expanded in the sprayed polyester, 

b) in order to attain the second layer, polyester mixed together with 
a second amount propellent which is less than said first amount 
propellent, or without any propellent at all, whereby fewer 
bubbles than in the case of a), or not any bubbles at all, are 

20 created and/ or expanded in the second polyester layer, 

whereby the step of point a) Is performed before the step of point 
b), or vice versa, and in that the created and/or expanded bubbles in 
at least the first layer are bound in the polyester by allowing this 
one to take rigid shape/ to be polymerized in the negative pressure 

25 for e short time, for example 30 seconds - 20 minutes, preferable 2- 
10 minutes. 

2. Method in accordance with Patent Claim 1, characterized in 
that inside a container the propellent is mixed with the polyester by 
means of a slowly^rotating agitator (2), for example an agitator 

30 rotating at a speed of 15-50 r/min, in that the polyester with the 
propellent mixed in is pumped by means of a pump (3) to a material 
application device, for example a spray pistol, and in that a curing 
agent is added to the jet of the polyester (7) issuing from the 
material application device or is mixed with the polyester inside the 

35 device (4). 
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3. Method In accordance with Patent Claim 1, characterized In 
that the polyester la piamped by means of a pump (12) to a material 
application organ (13), In that between the pump and the material 
application organ Is Introduced a propellant, for example carbon 

5 dioxide, from a pressure source (15) which together with mixing 
organs (16) will cause the propellant to be mixed into the 
polyester • 

4. Method in accordance with Patent Claim 3, characterized in 
that the curing agent is added separately in relation to the material 

10 appliction organ at atmospheric pressure or at the aforementioned low 
pressure • 

5. Method in accordance with any of the Patent Claims 1-4, 
characterized in that the reinforcement material (6), preferably 
In the form of chopped carbon fibres and/ or glass fibres, is mixed 

15 into the polyester in conjunction with its addition to the mould. 

6. Metod in accordance with Patent Claim 5, characterized in 
that the reinforcement material is added at a rate of between 10-40 

per cent by weight, and preferably 20-30 per cent by weight. 

7. Method in accordance with any of the foregoing Patent Claims, 

20 characterized in that a thixotropic and preferably unsaturated 
polyester, for example a laminating polyester, is added to the 
container in question Inside which the admixture of the propellant 
takes place, and in that a curing agent in the form of peroxide is 
added to the polyester. 

25 8. Method in accordance with any of the Patent Claims 1-4 and 7, 

characterized in that the quantity of propellant is selected so 
that the density of non-reinforced foamed polyester will be 
170-600 kgVm^. 
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9. Metod la accordance with any of the foregoing Patent Claims, 
characterized In that the first layer Is provided with two second 
layer, one 'second layer on each side, and In that each second layer 
Is adapted to two first layers If more than one first layer exists, 
S and so on« 

10* Method In accordance with any of the foregoing Patent Claims, 
characterized in that the different layers are sprayed wet in 
wet • 
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